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PREFACE 

With the advent of the atomic age, the United States Navy 
is in every sense a worldwide organization. To support the ships 
and stations which comprise our present day Navy is a logistics 
task of the first magnitude. 

During World War II and since then, much has been done to 
Improve the speed and efficiency of the supply system by 
mechanizing or automating many of the functions. Until recently, 
most of these improvements were in the paperwork element of the 
logistics task. The use of faster means of communication and the 
application of electric accounting machines and electronic data 
processing equipments to many of the inventory management functions 
are representative of some of these improvements. They have 
contributed significantly to more effective logistics support. 

Materials handling is also an Important element in the 
total logistics task. It pervades almost every activity involved 
in carrying out the essential supply support for our operating 
forces. Within the last five years there have also been 
significant developments in improved methods and techniques in 
this area. This paper is a product of some of these developments. 

The present study is not intended as a comprehensive 
survey of materials handling in the Navy nor of all the develop- 
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meats and improvements that have occurred. It Is restricted to 
automated materials handling systems used in Navy warehouse 
operations. No attempt has been made to discuss the broad field 
of materials handling as it relates to the handling of bulk or 
extremely heavy items from either an equipment or methods stand- 
point. The main objectives have been to present the need for 
automation in warehouse operations, the initial research that led 
to the design and development of automated handling systems, the 
major planning considerations that preceded installation, a brief 
description of their major features and finally, a cost-savings 
appraisal of the systems. 

The major sources of information for this study were the 
unclassified files of the Materials Handling Branch, Bureau of 
Supplies and Accounts and personal interviews conducted with key 
civilians in this office. To expand the information base, 
additional research was done through readings of selected 
literature in the materials handling field. Most of these sources 
of information pertained to the operating principles and general 
applications of mechanical handling equipments and systems. Since 
certain basic principles in planning and developing materials 
handling systems are the sam$ however, certain analogies have been 
drawn. 
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CHAPTER I 
INTRODUCTION 

For the purpose of introduction to automated materials 
handling systems in the Navy, it will be helpful to briefly define 
the materials handling function and distinguish between the major 
types of systems, other than manual, that can be employed in the 
handling of materials. 

Materials handling Is the movement of materials and 
supplies from one place or operation to another without affecting 
their value or performing any productive function. It includes 
every handling operation involved, such as picking up, elevating, 
conveying, transferring and setting down, during the movement of 
an article. Materials handling then can be conceived of as the 
movement of an article through space horizontally, vertically or 
in a combination of the two directions. Although materials 
handling practices vary, the basic principles remain the same. 

The greatest economy in moving materials is secured by 
keeping handling to a minimum. When handling is required, it 
should be accomplished in the most efficient and economical way 
possible. 

^U. S. Department of the Navy, Storage and Materials 
Handling. NA VS AND A Publication 284 . p. 4l-l. 
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Within industry and the military, it is acoepted that 
materials must be handled in one way or another as articles flow 
in the distribution process from producer to consumer. In recent 
years, there has been considerable exploration by the military 
and Industry in developing Improved materials handling techniques. 
Manual handling systems arc progressively being superseded as 
industry and the military services seek to supplant them with 
systems which offer greater economy in movement and more efficient 
material flow. 

This fact io borne out by statements of military and 
industry officials during the 1962 Joint Industry-Military 
Packaging and Materials Handling Symposium. Mr. Clinton 3. Allen, 
supervisory storage specialist in the Office of the Quartermaster 
General, Department of the Army, in an address before the 
Symposium stated: 

One of our major and continuous functions in 
enhancing our supply responsiveness is to accelerate 
the movement of supplies to our customers in the 
most expeditious and economical manner possible. 

The maximum application of mechanical equipment and 
the development of improved methods and techniques 
are explored continually. Pursuant thereto, an 
Automated Warehouse Committee was established about 
5 years ago in the Office of the Quartermaster 
General for the express purpose of keeping current 
with new developments in the art of materials 
handling attained by industry and other governmental 
agencies. As in industry we store and issue less 
than case lot stocks from bin storage areas at eaoh 
supply depot. . . . This method of issuing stocks 
. . . has increased gradually in recent years and in 
FY 61 reached a total volume for the general depot 
syotem of 2,050,000 line items shipped from bln 
storage. 
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The magnitude of this work load and the high 
degree of manual operations involved prompted a 
comprehensive study to determine means and ways 
of reducing costs. New procedures, controls, and 
techniques had been applied from time to time, 
each with some salutary effect; however, the costs 
continued to be unacceptable and it was concluded 
that a complete reappraisal of the operations 
should be undertaken with the view of applying 
mechanization. 

A leading industry official also noted at this Symposium: 

The decision to use an automatic handling tool 
instead of hand tools in securing shipping 
containers nay appear to be inconsequential to a 
nation concerned with landing a man on the moon. 

But such relatively minor improvements in 
materials handling in our own company have added 
up to savings of over $340, 000. 2 

Major advances have been made over the past 30 years in 
mechanizing many of the materials handling functions. More 
recently, there ha3 been progress in automating certain functions. 
Since the two terms, mechanization and automation, are sometimes 
misused and confused, it is pertinent to distinguish between them. 
Mechanized handling systems are those systems which combine all 
available resources, including people, to accomplish handling, 
transporting and processing tasks with a minimum of manual 
handling. Automated handling systems accomplish these tasks 
without manual handling, replacing operators with control equipment 

3 

having sufficient logic capability to operate the systems. 



^National Security Industrial Association, Proceedings of 
the Sixth Joint Industry-Military Packaging and Materials Handling 
Symposium . (Wash irigt o n , D . 0., February 25-28, 1962), pp. 37 -3$.' 

2lbid., p. 11. 

3 Ibid. , p. 62. 
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Evolution of Modern Materials Handling Techniques 

Since early history man has been struggling to find ways 
and means of extending and multiplying his own physical efforts 
in order to free his muscles from the burdens of life's tasks. 

One of man's earliest activities was moving various kinds of 
objects. The term "materials handling," taken in its literal 
sense, pays historical tribute to the fact that the human hand 
and, by extension, the human body were the first means employed 
in this task. Even today, the human body is the most universal 
type of materials handling machine. Man is able to grasp, pick 
up, transport, elevate, convey, transfer, and set down a wide 
variety of materials within the limits of his physical strength. 

The movement of materials or the creation of place utility 
has always constituted a challenge to man's ingenuity and 
inventiveness. The problem of moving heavy objects was one which 
confronted the ancients. Two early discoveries helped make this 
task easier and provided an important concept for efficient 
materials handling. The first was by our prehistoric ancestor who 
found it easier to roll a burden on a log than to push it over the 
ground. The second was by the early Mesopotamian who adapted the 
wheel to the first horse-drawn chariot. Unwittingly, both had 
made practical use of rolling contact, which in a great measure 
accounts for the high efficiency of the present day materials 
handling equipments. 

^•Oliphant D. Haynes, Materials Handling Equipment 
(Philadelphia: Chilton Company, 1957 ), p. 3 . 
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A review of several equipment manufacturers' advertise- 
ments published in the materials handling trade journals reveals 
some of the advancements that have been made in the materials 
handling field. A recent issue of Modern Materials Handling 1 
shows a picture of a heavy duty lift truck which can pick up and 
elevate a load weighing six tons to a height of 30 feet and move 
it left or right for storing in bins or racks. It also has the 
capability to tow materials on the highways. Similarly, a current 
advertisement shows how an automatic tow-line conveyor, operated 
and controlled by one man, can keep a steady flow of 40,000 
pounds of materials continuously moving from unloading dock to 

O 

specific warehouse storage areas. These are a few examples of 
the progress made in devising new equipments to improve materials 
handling efficiency. 

When we measure some of our modern materials handling 
achievements against the unknown methods of the ancients, we 
cannot but marvel at many of their accomplishments also. Some of 
their handling feats would provide a test for the most modern of 
materials handling equipment. 

For example, what can we say of the Druids, who were 
moving 10 ton stones across Southern England 1500 years before 
Christ? In some unknown manner, they carried these huge slabs 

^lork Manufacturing, Inc. Advertisement. Modern Materials 
Handling . Vol. IXX, No. 7 (July, 1964), p. 20. 

^Mechanical Handling Systems, Inc. Advertisement. 

Material Handling Engineering . Vol. IXX, No. 1 (January, 1964), 

p. 14. 
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over water and land from a quarry in Wales to the mystic circle 
at Stonehenge and set them erect, even though the 3tones were 15 
feet tall. In looking at Stonehenge it might be agreed that 
handling its stones would present a real challenge to the modern 
materials handling engineer and any equipment he might select for 
the Job. 

Another remarkable engineering feat was the building of 
the famous pre-Inca temple high in the mountains near Cuzco, Peru. 
Individual stone blocks to build this temple were quarried from 
a valley more than 2000 feet below the temple site. The builders 
apparently were not familiar with the principle of the wheel. 

Even if they were, it is difficult to see how they could lift such 
huge weights to such heights, but they did.^ 

The construction of the pyramids in ancient Egypt is a 
widely recognized phenomenon in materials handling engineering. 

One writer has suggested that the Egyptians probably used the idea 
of load unitization — making one big load of many small ones to 

p 

transport materials to the construction site. It was not too 
many years ago that the idea of unitized loading on pallets was 
conceived by the United States military and thought of as a 
dramatic Improvement in materials handling. However, it is 

^•John R. Immer, Materials Handling (Hew York: McGraw-Hill 
Book Company, Inc., 1953), pp. 14-15. 

National Security Industrial Association, Proceedings of 
the Seventh Joint Industry-Military Packaging and Materials 
Handling Symposium (Washington. D. C.. February 10-12, 19&4) , p. 10 

^Onnie P. Lattu, “Integrated Materials Movement System," 
Monthly Newsletter-Magazine of the U. S. Navy Supply Corps . Vol. 
XXVII, No. 2 (February, 19^4) , p. 4. 
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possible the Egyptians even preceded us with the original concept. 

Although many kinds of material lifting and transporting 
devices were used extensively prior to 1900, they were for the 
most part restricted to the movement of material too heavy for 
handling by manpower. The revolutionary idea which developed 
shortly after the turn of the century was that, although certain 
materials, because of their limited weight and size could be moved 
by manpower, mechanical equipment could and should be used for 
their movement. The rise of this concept represents the birth of 
modern materials handling techniques. 

Importance of Efficient Materials Handling 

Within recent years a number of figures have been 
developed to show the amount of materials handling costs involved 
as a part of the total production process in industry. For 
example, as late as 1946, after the war had apparently streamlined 
production, materials handling expenses in the average factory 
represented one-third of the total labor payroll. Today, this 
same cost commonly accounts for about one-third of total production 
costs, not labor costs alone. ^ Naturally, the percentage of 
materials handling costs as a part of total production cost will 
vary from one industry to another. Their main value is to point 
out the importance of the materials handling function. Under- 
standably the importance of the function is greater in those 

^■National Security Industrial Association, Proceedings . 1964 . 



p . 11. 
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industries where there is a high ratio of handling cost to the 
total processing cost than in those activities in which the ratio 
is considerably smaller. 

From the standpoint of the national economy, the cost 
involved in the movement and handling of materials assumes 
gigantic proportions. Within industry, the cost of moving 
materials from one place to another is often more than the cost 
of processing itself. When the cost of transporting raw materiala, 
partly finished assemblies and parts, and the finished product is 
added, the result is one of the largest single items of expense 
in the total economy. 

From the standpoint of the individual company, materials 
handling can be the millstone that plunges the firm into 
bankruptcy or retires it to a secondary position in the competitive 
picture. On the other hand, efficient materials handling may be 
the means of launching a new business (by extending services and 
products at the lowered production cost thus made possible) or 
the sole means of continuing corporate existence in the face of 
restricted price levels and rising costs. 

From the standpoint of labor, improved methods of materials 
handling offer the greatest prospects for higher wages and better 
working conditions. Since wages are dependent upon productivity, 
it is to the interest of labor to assist management in lowering 
production costs and increasing output. At the same time, the 
decrease in heavy lifting and "man handling" of materials has 
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removed a large part of the hazard and fatigue from many 
production Jobs. The efficient plant is the safe plant; and 
efficient movement of materials is the best safeguard for the 
worker's welfare. 1 

A Need fo r Improved Materials Handling in the flaw 

An essential element of national defense is the ability 
to apply military power where and when needed. Supply is an 
Integral part of that ability. Within the Department of the Navy, 
the Bureau of Supplies and Accounts is responsible for the 
operation of the Wavy Supply System. This system is designed to 
provide supply support locally and to our fleet units and 
overseas stations. Through the system flow stocks, in varying 
quantities, of more than one million different items, ^ with 
physical characteristics ranging from miniaturized missile parts 
weighing a fraction of an ounce to fire control detectors weighing 
c'j ,ons. The system is concerned with the functions of procurement 
stock control, distribution and warehouse operations. This latter 
i unction, warehouse operations, includes the physical receipt, 
storage, issue and packing of material, all of which involve 
materials handling. These activities form a substantial part of 

llmmer, loo, clt .. pp. 4-6. 

2 John Henderson, "Serving Two xMasters," The Defense Supply 
^sg-Ociatlon Aevlew . Vol. LXII, No. 2 (September-October, 19~(oi), 

p . 18 . 
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the operating costs of the Navy Supply System. Also, the degree 
of efficiency with which these activities are performed helps 
determine the effectiveness of support achieved for the operating 
forces . 

The primary function of the Bureau of Supplies and 
Accounts is service; in fact, the official crest of the Bureau 
contains the words "Service to the Fleet." To provide the type 
of service required of a modern, progressive fleet containing 
nuclear powered ships with the most modern missiles, the Bureau 
must be aggressive and correspondingly modern and forward thinking 
in its management. It must lead the field in examining and 
experimenting with new management techniques and rapidly adopt and 
put into practice those which will improve service to the fleet. 
Also, in keeping with the emphasis on a conservative budget 
during peacetime, it must operate the system with maximum economy 
and efficiency. 

Recognizing the importance of optimum service at minimum 
cost, the Bureau of Supplies and Accounts made several advances 
in improved supply techniques during the post World War II period, 
especially in the area of inventory management. Methods for 
predicting requirements moved from manual methods and simple 
machines to automatic systems using high speed communications 
coupled with solid state digital computers. Using advance 
decision rules and mathematical formulae these new machines 
enabled the system to digest a mass of statistical data and 
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forecast requirements precisely; consequently, inventory 
Investment was sharply reduced. 

Additionally, the Bureau had undertaken aggressive action 
through cataloging, standardization and disposal programs to 
reduce the number of items in the supply system. Despite progress 
in these programs, however, the rate of scientific development was 
generating new items so fast that the number was increasing 
instead of decreasing. For example, 25 years ago, a Navy destroyer 
used 60 different types of vacuum tubes. As more sophisticated 
electronic principles were applied to navigation, fire control and 
underwater detection, the demand for tubes increased until today 
the allowance list for a destroyer calls for 4,800 separate types 
of tubes. ^ Thus, items entering the supply system due to 
scientific advances were outstripping efforts to streamline the 
system. 

Inventory management is an important element of the Navy 
Supply System; however, it is valueless without effective material 
distribution. Without responsive material flow, there is no 
supply system, no effective fleet support — only static inventories. 
Warehouse operations is an integral part of the material 
distribution process. In the warehousing field, there is a 
genuine requirement for efficient materials handling techniques 
if the supply system is to respond effectively to the 100,000 

-^B. R. Sharp, "Material Handling in Physical Distribution, " 
Transportation and Distribution Management . Vol. II, No. 5, 

(May, 1962), p. 18. 
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receipt end Issue line item transactions required dally at the 
Navy's supply centers and other major stock points. 1 The number 
of line item transactions does not tell the complete story, 
however, especially from the warehousing workload standpoint. 

In looking at the problem further, it must be borne in mind that 
the character of the supply system is somewhat unique. The Navy 
catalogs more than one and a quarter million line items. The 
term "line items” Includes materials, parts, components, sub- 
assemblies, equipments, accessories and attachments. The actual 
workload in warehouse operations is measured, however, not by the 
number of line item transactions, but by the quantity of 
Individual pieces handled. Consequently, when a supply center or 
depot receives and issues 5,000 line items per day, it could well 
mean the handling of 25»000 individual pieces. 

It has been pointed out that materials handling represents 
a large part of the labor costs in many commercial concerns. The 
materials handling activities at some of the Navy's large supply 
centers and depots are no exception to thi3 fact. In a survey 
conducted at the Naval Supply Center, Oakland, California in 1958, 
it was reported that only eighteen percent of the personnel were 
engaged in the material flow processes with over twenty-five 

p 

percent being employed in the traffic function alone. 

1 Ibld .. p. 19. 

2'j. S. Department of the Navy, Material glow Process at 
NSC, Oakland . A report prepared by the Management Planning 
Division, U. S. Naval Supply Center, Oakland, California, 

December 19, 1958. 
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Thus, it is evident that the materials movement problem 
in Navy warehouse operations is of special Importance. Any effort 
to achieve more efficient materials handling would obviously 
benefit the customer, in terms of improved service, and possibly 
lead to reduced handling costs. Chapter II will discuss some of 
the initial research and investigation the Bureau and stock points 
conducted in seeking improved handling methods. 



CHAPTER II 

WAREHOUSE AUTOMATION STUDIES 



Initial Research 

The increasing demands upon the Naval Supply System and 
the continuing need for greater economy and efficiency in its 
operations and techniques prompted the Bureau of Supplies and 
Accounts to undertake a study on the feasibility of introducing 
automation into warehousing operations. In February, 1957, the 
Bureau initiated a research project through the Bayonne, New 
Jersey Naval Research and Development Facility to carry out such 
a study.-*- 

The study was to be conducted in three phases. Phase A 
was to determine the existence of examples of partial or complete 
automation and extensive mechanization in commercial and military 
warehousing systems. Phase B was to examine the Naval Supply 
System for promising applications of warehouse automation. The 
findings and recommendations emerging from phases A and 3 were to 
be used as a basis for determining the advisability and 
practicability of extending the project through phase 0. Phase 0 
was to develop, install and evaluate a pilot model of an automated 

lu. S. Department of the Navy, Chief, Bureau of Supplies 
and Accounts, Letter SS3 All/3 . February 11, 1957. 

14 
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materials handling system In the warehouse operations of a naval 
supply activity. 

To carry out phase A of the project a survey team of four 
members was formed. A list of commercial companies and Air Force 
activities was compiled which could possibly furnish the 
information and data desired. Twenty installations were selected 
and visited from a list of approximately 35. The companies and 
military activities visited were requested to furnish information 
on their accomplishments in warehouse automation or advanced 
mechanization and the extent to which these had been incorporated 
into their operations. 

The findings of the survey team were that none of the 
installations visited had a fully automated warehouse system.^- 
In fact, the survey team reported it was unable to contact any 
person who could furnish information on such a system, either in 
industry or the Department of Defense. The general attitude of 
industry seemed to be that the high research and design costs 
precluded the installation of fully automated systems, and, as a 
result, individual companies had mechanized or automated only to 
the extent to which their particular requirements demanded. Much 
had been done to automate production facilities, but the automation 
of the warehousing function appeared to be of less concern to 
management. Most of the officials contacted agreed that full 

lu. 3. Department of the Kavy, Bureau of Supplies and 
Accounts, Development of Automated Warehouse Systems — Phase A — A 
Study of Current Commercial and Military Warehousing Systems . 
Project No. NTQ03-020 . June 15, 1957, p. 2. 
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automation of warehousing operations was a fertile field and 
definitely a future possibility, but most of them felt that such 
a concept extended far Into the future. The survey team found 
that little was actually being done, even on the drafting board, 
to indicate that industry or the military were contemplating any 
major moves into the area of warehouse automation. 

A few of the commercial installations visited, however, 
had partially automated warehouse systems. Two of these appeared 
to offer a great deal of promise, at least from the standpoint of 
the Navy emulating some of their major features in any system it 
might develop. One was a drug wholesaler in Los Angeles and the 
other the central warehouse of a women's and children's wearing 
apparel chain in New York. Major features of their systems 
included electrically powered belt conveyors for in-system 
movement of material, automatic controls for directing order- 
accumulation operations, an automatic tally for detecting human 
errors in routing before shipments were made, and controls for 
sorting and accumulating outgoing shipments. Basically, through 
the use of associated electronic equipment the systems enabled 
one operator to control the entire movement involved in filling an 
order from the time it was "picked" from its storage place to its 
delivery in the packing section. 

The warehouse operations of the other activities visited 
were mechanized to various degrees, depending upon their particular 
requirements. Outstanding examples of extensive mechanization were 
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found at all of the Air Force Installations visited. The survey 
team reported these installations were rapidly approaching the 
maximum in the mechanization of warehousing operations . Very few 
of the materials handling operations were being accomplished 
manually. Generally speaking, however, mechanization of materials 
handling functions was restricted to standard commercially 
available materials handling aids, such as fork trucks, roller 
and skate wheel gravity conveyors, and, in some instances, powered 
belt conveyors. 

On completion of phase A of the warehouse automation 
research project in June, 1957, the survey team launched phase B 
to determine those areas in the Navy Supply System to which 
automated materials handling techniques might be applied. The 
entire warehousing system was critically analyzed, operation by 
operation and element by element to ascertain the areas having 
the most potential. 

The survey team reported that after discussion with 
representatives of the activities visited certain basic criteria 
would be prerequisites for an automated system.^ - 

First, volume or rate of stock turnover should be of 
sufficient magnitude to warrant use of automated procedures and 
equipment. Because of the volume required to justify an automated 
installation, the team felt that only fast moving items should be 
initially considered for automation. 

^-U. 3. Department of the Navy, Bureau of Supplies and 
Accounts, Development of Automated Warehouse Systems — Phase B — An 
Examination of the Naval Supply System for Promising Application 
of Automation. Project No. NT0Q3-020 . October, 1957, P* 1. 
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Second, container sizes should be standardized as far as 
possible. The complexities of equipment design that might be 
required as a result of nonstandardization of container sizes 
might easily put an automation program into a cost prohibitive 
category. 

Third, a standard unit of issue should be established. 

The team felt this was not absolutely essential; however, it would 
simplify automated procedures to a great degree. 

After carefully analyzing the four basic operations 
encompassing the warehousing system of a typical naval supply 
activity — receiving, storage, packing and shipping—the team found 
that several of the elements of each operation offered good 
prospects for automation. The team concluded, however, that the 
issuing and sorting elements of the storage operation appeared to 
be the most suitable for automation. The commercial activities 
visited during phase A of the project, which had the highest 
degrees of automation, appeared to concentrate on these elements 
of warehouse operations for application of automated systems. The 
survey team also felt that the ,, picking ,, and "sorting" elements of 
the storage operation would afford the greatest potential for 
savings in money and manpower and therefore should be considered 
as initial starting points for the introduction of warehouse 
automation.^- 

Material such as electron tubes and shoes, which were 
already packaged in relatively standard containers, both as to size 

1 Ibld .. p. 7. 
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and shapes, appeared to conform as closely to the basic automation 
criteria as any other material in the supply system and ware 
recommended as good starting points in the selection of material 
for a pilot installation. Other items which also appeared to be 
adaptable to Initial automation were subsistence iteru3 in case 
lots, standard size forms, pamphlets, envelopes, and other office 
supplies. 1 

The survey team reported that it had not examined the 
paperwork system, such as records, requisitions and invoices 
associated with the physical handling of material, due primarily 
to the magnitude of such a study and the unavailability of time 
to oonduct it. The team did feel, however, that before any pilot 
automated warehousing system was installed the paperwork system 
should be carefully studied and revised where necessary, to ensure 
its compatibility with the physical movement of material under an 
automated system. 2 

Finally, the survey team concluded that prior to the 
introduction of automation into the warehousing process at any 
naval supply activity consideration should be given to certain 
concepts which would facilitate automated procedures. Among these 
were: storage of materials by popularity, i.e., those items with the 
highest turnover rate should be stored in the most accessible 

I 

locations; modification of the materials accounting system to oonfor;4 



J-Illid. , p. 5 
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